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In January 1985 a smog period occurred for 5 days in parts ofWest Germany, including the Rhur
District. Mortality (24,000 death certficates), morbidity in hospitals (13,000 hospital admissions,
5400 outpatients, 1500 ambulance transports) and consultations in doctors' offices (1,250,000 con-
tacts) were studied for a 6-week period including the smog episode and a time interval before and
thereafter. The study region was the State of North Rhine-Westfalia (16 million inhabitants), but the
analysis is restricted to the comparison of the polluted area and a control area (6 million inhabitants
each).
During the smog period, mortality and morbidity in hospitals increased in the polluted area, but
there was no substantial increase in the control area. The increases were for the total number of
deaths 8 vs. 2% (polluted area vs. control area), for hospital admissions 15 vs. 3%, for outpatients 12
vs. 5% and for deliveries by ambulance to hospitals 28% in the polluted area (not investigated in the
control area). The effects were more pronounced for cardiovascular diseases than for respiratory
diseases. The consultations in doctors' offices show a slight decrease (-2 vs. -4%).
Regression analysis shows a moderate influence of temperature, but a strong influence of ambient
air pollution. The maxima ofthe ambient concentrations are more important on the same day, where-
as the influence ofthe daily averages is more pronounced after a delay of2 days.
The results are discussed considering other possible confounders such as indoor pollution and
psychogenic influences ofthe alarm situation. In total, the study suggests moderate health effects due
to increased air pollution during the smog episode.
Introduction
In January 1985 a smog episode took place in parts of
North Rhine-Westfalia (West Germany). In the Ruhr
District, a smog alarm was given for 5 days. In the
western part of the Ruhr District, air pollution reached
the emergency level, with the consequence of a total stop
of traffic and reduced production in certain plants. An
extended investigation of the health effects during this
period was performed, supported by the Ministry of
Work, Health and Social Care of North Rhine-West-
falia (1), the essentials ofwhich shall be presented here.
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Materials and Methods
Data on morbidity, mortality, ambient air pollu-
tion, and meteorologic variables were collected retro-
spectively for the period from January 1 to February
15, 1985, but the analysis is restricted to the 6 complete
weeks between January 3 and February 13. In the fol-
lowing discussion, we shall refer to the week from
January 17 to 23 as the smog period. This week in-
cludes the period of smog alarm (Thursday, January
17 to Monday, January 21) and the following 2 days.
The rationale for this definition is the experience from
earlier smog episodes, that health effects might follow
with a delay of 1 to 2 days after the smog. The other 5
weeks (anuary 3-16, January 24-February 13) are
referred to as control period while the whole time
interval (anuary 3-February 13) will be denoted as
the period of observation. Due to a shorter time inter-
val for data collection, the period of observation for
ambulance transports is restricted to January 3-
February 6.WICHMANN ETAL.
To allow for a comparison between areas with dif-
ferent degrees of pollution, the study was extended to
the state of North-rhine Westfalia with about 16 mil-
lion inhabitants, 6 million of them living in the pol-
luted area, 4 million in an area with an intermediate
degree of air pollution, and 6 million in the control
area, which has a low degree of air pollution. Only data
from the polluted area and the control area will be
analyzed. The polluted area is highly industrialized
and urban, with different types of industry (pri-
marily metal industry, coal mining, chemical, petro-
leum refining, etc.): the control area is primarily
rural, with some medium-sized cities and some mi-
nor local industries (furniture, textile, manufactur-
ing). The age structure of the population in both areas
is similar.
Meteorologic Variables
Meteorologic information about temperature, wind
velocity, humidity, and biotropy was available from 11
stations of the German Weather Service. (Biotropy
describes weather conditions with potential relevance
to health, using the scale: 0 = no, 1 = weak, 2 = inter-
mediate, 3 = strong biotropy. It is determined four
times a day by the central weather station in Essen, on
the basis of complex meteorologic information.)
Ambient Air Pollution
Ambient concentrations [30-min averages and 24-hr
averages of sulfur dioxide (SO2), nitrogen dioxide
(NO2), and carbon monoxide (CO), 3-hr averages and
24-hr averages of suspended particulates, (SP)] have
been measured at 42 permanent stations in the whole
state run by the Landesanstalt fur Immissionsschutz,
Essen, and several data from further stations have been
available. In the following analysis, only data from the
36 stations in the polluted area and one station in the
control areawill be presented.
Mortality Data
Mortality data were collected by the Public Health
Administrations of all communities and counties in
North Rhine-Westfalia and coded on the basis of the
International Classification of Diseases (ICD). In ad-
dition, deaths by respiratory or cardiovascular dis-
eases were coded separately if these diagnoses were
either denoted as cause of death or as consecutive dis-
ease. Therefore, the latter numbers are higher than in
the official mortality statistics, especially for deaths
related to respiratory diseases. Furthermore age, sex,
last place ofresidence and place ofdeath were extracted
from the death certificates. In total, data from 24,000
deaths (94% ofall) were available.
Hospital Admissions
The data on hospital admissions were requested by
questionnaires, which had been sent to all hospitals for
internal medicine and pediatrics in North Rhine-
Westfalia; 186 hospitals (45% of all) participated in the
study. Individual information about the day of ad-
mission, the clinical diagnosis, the severity of the
symptoms, age, sex, and anamnestic information were
collected for about 13,000 patients with respiratory or
cardiovascular diseases.
Ambulance Transports
The data about patients delivered by ambulance to
the hospitals were collected in two steps. First all poten-
tially relevant transports were extracted from the
records in the ambulance control centers, then the
diagnoses of these patients were completed from their
hospital records. Thus, for seven big cities (Duisburg,
Oberhausen, Essen, Dortmund, Gelsenkirchen, Dus-
seldorf, Koln), individual data from 1500 patients with
respiratory or cardiovascular diseases delivered to 78
hospitals (58% of all transports under study) were col-
lected. These data included day of admission, age, sex,
diagnosis, and severity of symptoms. Furthermore,
aggregated data about all ambulance transports and
emergency transports were available on a daily basis.
Outpatients
One hundred nine hospitals also filled in ques-
tionnaires about visits of outpatients in their emer-
gency rooms, but only in aggregated form. These am-
bulances are mainly consulted by the patient's own
decision rather than by doctor's advice. In total, ag-
gregated data of 5400 outpatients with respiratory or
cardiovascular diseases could be collected giving the
number of consultations in the clinic per day with,
without, and with uncertain clinical verification of
the complaints.
Consultations in Doctor's Office
A 10% random sample of all internists, pediatricians,
and general practitioners in the polluted area and in
parts ofthe control area was selected to participate in the
study. From the insurance claim forms for the 3
month period, January-March 1985, the daily num-
bers of consultations (respiratory, cardiovascular, and
other diseases, broken down by age and sex) were ex-
tracted. Thus, aggregated information about 1,250,000
consultations in 615 doctors' offices (93% of the random
sample) was collected. These data do not represent the
causes of consultation on that specific day, but the con-
sultations of persons categorized into the given diag-
nostic groups.
Statistical Analysis
For the epidemiologic data day-of-week influences
had to be eliminated. This was achieved by calculating
the difference between the data of the specific day and
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the average of the same days of week during the period
of observation (e.g., difference between hospital admis-
sions on January 17, which is a Thursday, and the
average of hospital admissions on January 3, 10, 17, 24,
31, and February 7, which are all Thursdays of the
period of observation). To obtain data adjusted for the
day ofweek, the overall average is added.
Yij =Xij -X j/6+X../42
Xij original data, Yij day-of-week adjusted data;
dots denote summation over the corresponding
index; i = 1,..., 6weeks, j = 1, ..., 7daysofweek.
The day-of-week adjusted morbidity is compared
with the daily averages or daily maxima of the am-
bient concentrations and the meteorologic parameters
of the closest station using linear regression analysis. A
conservative test strategy is applied, in which the effects
of potential confounders (i.e., weather variables) are
considered in the first place. Thereafter, the additional
contribution of the pollution variables expressed as
partial R2 is determined. To account for a possible time
delay, the dependent variables at time t are compared
with the independent variables either at time t or at
time t-2. The pollutants are separately included in the
regression analysis, in addition to temperature and
biotropy, because SO2, suspended particulates (SP),
NO2, and CO are closely correlated (the coefficients of
correlation of their daily averages range from 0.80 to
0.95).
In Table 1 and Figure 1, for the number of patients,
the smog period is compared with the pre- and post-
smog period to quantify excess morbidity. For the
number of deaths the smog period is compared with
the total period of observation to quantify premature
mortality rather than excess mortality (t-test, one-
sided).
FIGURE 1. State of North Rhine-Westfalia, FRG. (1) Polluted area: Ruhr
District (northern part of the polluted area 4.4 million inhabitants),
Dusseldorf (south of Ruhr District, 0.5 million inhabitants), and
Koln (south of Dusseldorf, 1 million inhabitants). (2) Control area:
eastern and southern parts of North Rhine-Westfalia (6 million
inhabitants). (3) Intermediate area (4 million inhabitants, not
considered here). (.) Pollution control stations; (x) weather
stations.
Results
Figure 2 shows the study area and the permanent
stations measuring the ambient air pollution and the
weather variables.
Table 1. Maximum concentrations for suspended particulates, sulfate, SO2, NO2, and CO during the smog period.
Polluted area Control area
Maximum 24-hr Pooled 24-hr Maximum 24-hr
Pollutant average, mg/mi3 a average, mg/m3 b average, mg/m3c
Suspended particulatesd 0.60 0.44 0.19
(Jan 20)Y (Jan 20) (Jan 19)
Sulfate' 0.123
(Jan 17)
SO2 0.83 0.62 0.32
(Jan 17) (Jan 17) (Jan 15)
NO2 0.23 0.17 0.12
(Jan 17) (Jan 17) (Jan 19)
CO 8.00 5.90
(Jan 18) (Jan 18)
aHighest individual 24-hr average reached at 1 of the 36 stations in the polluted area.
bHighest pooled 24-hr average ofthe 36 stations in the polluted area.
cHighest 24-hr average reached at one station (Eifel) in the control area.
dBeta attenuation particle sampler(17).
eDay the maximum was reached.
fHighest individual 24-hr average on Jan 17 at 1 of 10 stations (18).
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FIGURE 2. Top: Total mortality (deaths per day) and hospital admissions, patients per day with respiratory or cardiovascular diseases (RC),
day-of-week adjusted. Bottom: SO2 (-) suspended particulates (- - -) and temperature (24-hr averages) at representative stations in the polluted
area (Duisburg, Essen) and the control area. (Eifel, Munster). Arrows: Two very cold days in the presmog period. Shaded area: period of smog
alarm.
Meteorologic Situation
The smog episode was caused by an inversion of
vertical temperature gradient from January 16 to 20
with a wind velocity below 1.5 m/sec. During this
time pollutants accumulated, especially in the Ruhr
District. Due to the wind from east and southeast
pollutants were also imported from East Germany and
Czechoslovakia (2). Inversion stopped on January 21,
and fresh wind came up. During the first part of the
smog period (January 17-20) it was cold, with tem-
peratures between -40C and -120C (daily average).
Temperature increased steeply on January 21. Hu-
midity was high during the whole period. Biotropy
was weak from January 17 to 20 and became strong on
January 21.
In the control period the wind mainly blew fresh
from changing directions. Only on January 10 to 11
and at the beginning of February, wind velocity also
became low and in some areas an inversion without
important accumulation of pollutants occurred. The
temperatures were very low in the pre-smog period
and the coldest days were January 7 to 8 with average
temperatures of -170C to -120C. After the smog period,
temperatures were much higher for 2 weeks and the
weather was mild with much rain. Humidity was
between 80 and 95% during the control period and
decreased only on February 4 to 5 to 20 to 60%. Biotropy
was weak before the smog and was elevated for 2 weeks
afterthe smog episode.
In total, the weather was characterized by unusually
low temperatures from the beginning of January
until the end of the smog episode, where weather
changed significantly (on January 21). Therefore, at
the end of the smog period, combined influences from
pollution and weather must be expected.
Ambient Air Pollutdon
In Table 2, the maximum concentrations for SO2,
suspended particulates (SP), NO2, and CO (daily
averages) are given for the polluted area and the con-
trol area. However, they can only be compared quali-
tatively due to the different number of stations in the
areas. For the control area the station in the western
part (Eifel) is considered, because the measurements at
the eastern station, located on a mountain 150 km from
the border to East Germany, are mainly determined
by pollutants transported from the east (3).
The smog episode was characterized by elevated levels
of SO2 and SP. In the polluted area for SO2 a daily
average of 0.83 mg/m3 and a daily maximum (30-
min value) of 2.17 mg/m3 was reached. For SP, the
corresponding concentrations were 0.6 mg/m3 (daily
average) and 0.85 mg/m3 (3-hr value).
CONTROL AREA
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Table 2. Health effects in the polluted area during the smog episode: Regression analysis of the number ofpatients or deaths.
Partial R2 (t)a
Source of variation
Temperaturec
Biotropy
Temperature and biotropy
SP (daily maxima)d
S02 (daily maxima)d
NO2 (daily maxima)d
CO (daily maxima)d
All pollutants
Whole model
Temperaturec
Biotropy
Temperature and biotropy
SP (daily average)d
SO2 (daily average)d
NO2 (daily average)d
CO (daily average)d
All pollutants
Mb
0.06
0.03
0.06
0.13*
0.09
0.12*
0.04
0.20
0.27
0.18t
0.03
0.19*
0.16t
0.17t
0.17t
0.19t
0.21*
H
0.08
0.00
0.12
0.09*
0.03
0.06
0.07
0.13
0.25
0.05
0.02
0.15*
0.28t
0.20t
0.26t
0.25*
0.31t
A
0.02
0.00
0.05
0.33t
0.24t
0.29t
0.26t
0.34*
0.38*
Partial R2 (t - 2)a
0.10
0.00
0.18*
0.23t
0.22t
0.14*
0.15*
0.28*
0
0.00
0.01
0.01
0.18t
0.19t
0.07
0.06
0.35t
0.36*
C
0.47t
0.02
0.60t
0.02
0.00
0.03
0.05
0.12
0.72t
0.01
0.08
0.08
0.35t
0.30t
0.28t
0.31t
0.37t
0.51t
0.10
0.51t
0.00
0.00
0.00
0.00
0.02
Whole model 0.40t 0.46t 0.47t 0.46t 0.53t
aVariables for weather and pollution concentrations on the same day(R2(t)) or 2 days earlier(R2(t - 2)) than health variables.
bM, mortality (all causes); H, hospital admission(RC), day-of-week adjusted; A, ambulance transports(RC), day-of-weekadjusted;0,outpatients
(RC, visits inemergency rooms) without Jan4, day-of-week adjusted; C, consultations in doctors' offices(all causes) withoutSaturdays and Sundays,
day-of-week adjusted; RC, respiratory or cardiovascular diseases.
cThe correlation between temperature and M, H, A, 0 is negative and between temperature and C positive.
'At the station closest to the place ofresidence(M), location ofhospital (H, A,0) or doctor'soffice (C). Thepollutants are separately included in
the regression analysis, in addition to temperature and biotropy. The correlation between pollutants and morbidity or mortality data is positive.
*p < 0.05.
tp < 0.01.
Health Effects
In Figure 3, the time courses of total mortality and
hospital admissions are shown. In the polluted area, an
increase of both the number of admitted patients and
the number of deaths is observed, which is parallel to
the increase of the pollutants. The maxima of mortality
and hospital admissions are reached 1 to 2 days after
the onset of the smog episode. No similar pattern is
found in the control area, where the pollutant
concentrations were lower.
There are fluctuations in the data that are similar in
both areas. Most pronounced is a peak ofthe number of
deaths in the presmog period (January 7 and 8),
which coincides with very low temperatures. The re-
gression analysis identifies a considerable contribu-
tion of air pollution to the explanation of the medical
observations (exception: consultations in doctor's of-
fices) in the polluted area. The contribution is highly
significant for the maxima of ambient concentrations
ofthe same day or their daily averages with a delay of 2
days (Table 3). For the control area no regression
analysis was possible because of the small number of
stations.
If one compares the smog period to the average ofthe
other weeks, one finds a significant increase for total
mortality, hospital admissions, outpatients, and am-
bulance transports of patients with respiratory or
cardiovascular diseases in the polluted area (Fig. 1).
This behavior is also reflected in the parallel increase of
the smoothened time courses during the episode and
the parallel decrease thereafter (Fig. 1). In contrast, for
the control area no similar pattern is observed.
A more specific analysis of the diagnoses shows as a
general feature that cardiovascular diseases increased
more pronounced than respiratory diseases (Table 1).
This will be discussed below in more detail.
Mortality
If the smog period is compared with the period of
observation, one finds a significant increase of the
number of deaths per day by 8% in the polluted area but
only by 2% in the control area (Table 1). Looking at
diagnostic groups, a clear increase for death by car-
diovascular diseases is observed, which is similar in
both areas (6 vs. 8% for polluted vs. control area), while
for respiratory diseases only a small elevation is found
in the polluted area and a reduction in the control area
(3 vs. -5%). The most pronounced increase in the
polluted area is found for combined respiratory and
cardiovascular diseases (9 vs. 2%) and for other causes
ofdeath (11 vs. -6%).
Looking at single diagnoses, for death by heart
insufficiency (19 vs. 15%), cardiac infarct (9 vs. -1%),
cerebral circulation failure (5 vs. 1%), chronic bron-
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FIGURE 3. Top: smoothened time courses (7-day moving average) of ambulance transports (A): outpatients (0): and hospital admissions (H) for
patients with respiratory or cardiovascular diseases and of total mortality (M). Bottom: Increase during the smog period compared with the
other weeks.
chitis (12 vs. -8%), and lung cancer (20 vs. -2%), an
increase is found in the polluted area, which is less
pronounced or missing in the control area. However,
these increases during the smog period are not
significant (except for heart insufficiency).
Hospital Admissions
From Table 1, one finds that hospital admissions
increase significantly by 15% in the polluted area and
only slightly by 3% in the control area, if the smog
period is compared to the control period. The increase is
more pronounced for cardiovascular diseases (19 vs.
5%) than for respiratory diseases (7 vs. 0%).
The most pronounced effects are found for cerebral
circulation failure (57 vs. 0%, but small numbers),
heart arrhythmia (49 vs. -8%), chronic bronchitis (39
vs. 6%), and coronary insufficiency (30 vs. 3%), which
all are significant in the polluted but not in the control
area. However, for some diseases, a decrease during the
smog period is observed, e.g., for bronchial asthma (-14
vs. -4%).
Ambulance Transports
The number of patients with respiratory or cardio-
vascular diseases, which were transported by ambu-
lances into hospitals in the polluted area during the
smog episode, shows the strongest increase of all
parameters considered in this study. During the smog
period, 28% ofthe patients of this diagnostic group were
transported in excess (Table 3). The increase was
stronger for patients with respiratory diseases (36%)
than for those with cardiovascular diseases (25%).
Transports by all causes, of which in our data only 10
to 15% were patients with validated respiratory or
cardiovascular diseases, showed a smaller increase
(6%).
Outpatients
The number of the recorded outpatients increased
during the smog period by 12% in the polluted area
and by 5% in the control area. Since these data are only
available in aggregated form, an analysis within sub-
groups is not possible. In addition, the respiratory and
cardiovascular symptoms have only been validated for
approximately 50% of these patients.
Consultations in Doctors' Office
The number of consultations in doctors' offices
(Table 1) shows no relevant changes for patients with
28.
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Table 3. Number ofpatients and number ofdeaths during the smogperiod and the control period in the polluted area and the control area.
Polluted area
Smog period Control period
Diagnosis x (s), x (s)
Cardiovascular Mc 115.3 108.8
diseases (11.6) (12.2)
(total) H 87.6 73.7
(12.5) (9.1)
A 35.1 28.4
(7.1) (4.9)
C 12262 12539
(574) (780)
Heart insufficiency M 22.1 18.5
(4.7) (4.6)
H 41.3 36.2
(7.5) (7.7)
Coronary insufficiency H 24.0 18.4
(8.2) (6.9)
Heart arrhythmia
Cardiac infarct
Hypertonus
Cerebral circulation
failure
H
M
H
H
M
H
7.6
(3.1)
22.1
(3.8)
18.6
(4.9)
4.6
(2.7)
16.1
(4.5)
3.6
(1.0)
5.1
(1.9)
20.3
(5.5)
16.9
(3.7)
4.1
(1.8)
15.3
(4.6)
2.3
(1.2)
Change, %b
6
19t
25t
-2
19*
14
30*
49t
9
10
12
5
57t
Control area
Smog period Control period
x (s) x (s)
109.7 101.8
(11.5) (11.4)
56.1 53.5
(11.1) (7.7)
2648
(85)
24.1
(3.0)
26.2
(6.4)
11.2
(3.8)
4.7
(2.4)
20.9
(4.1)
11.7
(3.5)
3.1
(2.6)
17.6
(5.4)
2.7
(2.1)
2730
(170)
21.0
(4.1)
22.1
(5.0)
10.9
(5.1)
5.1
(2.3)
21.2
(4.0)
11.5
(5.1)
3.2
(1.6)
17.5
(5.0)
2.7
(1.5)
Respiratory diseases
(total)
Obstructive
bronchitis
Croup syndrome
Pneumonia
Chronic bronchitis
Bronchial asthma
Lung cancer
Combined respiratory
and cardiovascular
diseases
Respiratory or
cardiovascular
diseases
M 19.3
(3.8)
H 50.7
(5.1)
A 13.6
(3.1)
C 9706
(535)
Hd 6.0
(1.8)
Hd 6.5
(1.8)
H 10.3
(3.1)
M 4.6
(1.5)
H 5.7
(1.8)
H 6.0
(1.7)
M 11.3
(3.5)
M 11.7
(2.8)
H 6.4
(0.5)
A 3.6
(1.8)
C 4048
(219)
M 122.9
(9.6)
H 137.0
Change, %b
8
5
-3
15*
19t
3
-8
-1
2
-3
1
0
3
7
36t
-1
17.6
(3.9)
35.9
(7.0)
16.9
(2.9)
36.0
(3.9)
2258
(73)
-5
0
13
38
2347
(128)
-4
18.9
(3.7)
47.3
(6.6)
10.0
(3.2)
9780
(836)
5.3
(2.0)
4.7
(2.8)
10.5
(3.8)
4.1
(1.6)
4.1
(1.6)
7.0
(2.0)
9.4
(3.3)
10.7
(3.3)
5.8
(2.4)
3.2
(1.7)
4062
(263)
117.0
(12.3)
119.2
7.3
(4.5)
3.7
(1.8)
6.6
(4.7)
7.0
(1.8)
6.1
(3.0)
-8
-8
6
-4
-2
-2
12
39*
-14
20
9
10
13
0
5
15t
6.7
(4.5)
3.4
(1.9)
7.0
(3.7)
6.7
(1.3)
6.0
(4.3)
9.7
(2.6)
6.3
(2.0)
941
(52)
116.9
(11.5)
88.7
9.5
(3.1)
5.2
(2.1)
2
21
961
(59)
110.0
(11.2)
86.0
-2
6
3
(Continued on next page)
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Table 3. (Continued).
Polluted area Control area
Smog period Control period Smog period Control period
Diagnosis x (S)a x (s) Change, % xc (s) x (s) Change, %
(13.5) (11.7) (11.8) (9.8)
A 45.1 35.1 28t
(6.7) (5-5)
0 64.1 55.7 15 31.1 29.7 5
(12.6) (15.6) (7.1) (5-1)
C 17919 18258 -1 3964 4116 -4
(2631) (2347) (609) (538)
Other causes M 109.0 97.9 11* 70.3 74.4 -6
(10.2) (11.6) (6.4) (8.3)
C 5911 5879 1 1479 1475 0
(153) (232) (36) (45)
All causes M 231.9 214.9 8t 187.1 184.3 2
(11.0) (16.9) (12.1) (16.7)
A 821.4 774.8 6*
(76.1) (54.9)
C 23831 24136 -1 5443 5590 -2
(639) (1240) (128) (229)
aAverage number and standard deviation of cases per day (only diagnoses with more than two cases per day are presented).
bPercent changes of the smog period compared with the control period in the same area.
CM, mortality(comparison ofthe smogperiod with the wholeperiod ofobservation); H, hospital admissions; A,ambulance transports;0, outpatients
(visits in emergency rooms); C, consultations in doctors' offices (without Saturdays and Sundays).
dIncluding data from pediatricians in Koln and Duisburg.
*p < 0.05.
tp < 0.01.
cardiovascular diseases (-2 vs. -3%), respiratory di-
seases (-1 vs. -4%), or combined cardiopulmonary
symptonms (O vs. -2%), or other complaints (1 vs. 0%).
Furthermore, a strong positive correlation is found
with temperature, but no correlation with air pollu-
tion (Table 3). These data show that the consultations
in the doctors' offices are dominated by other influ-
ences, especially weather conditions. The number of
consultations is reduced significantly on cold days or
days with bad weather (1).
Comparison with Earlier Smog
Episodes
If one considers the available information about
smog episodes in the Ruhr District, one finds the
results given in Table 4. The most important episode
was in 1962 and lasted for 5 days. The pollutants
reached 5 mg S02/m3 and 2.4 mg SP/m3 (24 hr
averages) (4). During this episode the number of
deaths increased by 15% if the week from the begin-
Table 4. Smog episodes in the Ruhr District.
Dec. 1962 (4,5) Jan. 1979 (6,7) Jan. 1982a (8) Jan. 1985 (1)
Episode, duration (5 days) (1 day) (6 days) (5 days)
SO2, mg/m3
30-min value 1.4 1.1 2.2
3-hr value 1.1 0.9 1.6
24-hr value 5.0 0.6 0.6 0.8
SP, mg/im3
3-hr value 0.5 0.6 0.8
24-hr value 2.4b 0.5 0.6
Increase oftotal 15%c (19%)d none nonee 6%c (8%)f
mortality
aThe smog episode was restricted to a small area in the center of the Ruhr District.
bDifferent technique of measurement compared to later episodes.
CRecalculation to make 1962 and 1985comparable: smogperiod(= week from thebeginning ofsmog)compared withperiod ofobservation, only
Ruhr District.
dOriginal calculation in Steiger and Brockhaus (5): 2 weeks from thebeginning of smogcompared with average of4 weeks before and 2 weeks
after this period, polluted area including Ruhr District.
'Wichmann and Molik, unpublished data.
fPolluted area including Ruhr District (see Table 1).
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ning of the smog is compared to the period of observa-
tion (5; Wichmann and Molik, unpublished data).
In 1979, during a 1-day smog episode, concentra-
tions of 0.6 mg S02/m3 (24-hr average) and 0.5 mg
SP/m3 (3-hr average) were reached (6), but no in-
crease in mortality could be found (7). In 1982, a local
smog episode of6 days was reported in the center ofthe
Ruhr District, where 0.6 mg S02/m3 and 0.5 mg
SP/m3 (24-hr average) also with high concentrations
of NO2 and CO were reached (8). The analysis of the
mortality data of this small area did not show an
observable effect (Wichmann and Molik, unpublished
data).
The smog situation in January 1985 was extended
over large parts of central Europe and lasted for 5 days.
In the Ruhr District, SO2 concentrations up to 0.8
mg/m3 were measured, and suspended particulates
reached concentrations of 0.6 mg/m3 (24-hr average).
During this episode an increase of the total number of
deaths by 6% was found in the Ruhr District if the
week from the beginning of the smog episode is
compared with the period of observation (1).
Discussion
The analysis of earlier smog episodes in most cases
was restricted on mortality data. Typical time courses
showed a rise in the number of deaths that occurred
within 24 hr after the rise in pollution, occasionally
with a delay of 1 day (9). The number of deaths
decreased on the termination of the incident with a
consecutive minimum some days to 2 weeks after the
maximum (5,9,10). Low temperatures lead to excess
mortality (11), and epidemics of influenza were
responsible for high peaks in mortality and effects of
air pollution were aggravated during such epidemics
(10).
In the present study, the number of deaths rise im-
mediately when the pollutants increase (on January
16) (Fig. 2) and reach the maximum 2 days later. They
decrease after the smog episode, and a minimum is
found about 2 weeks after the maximum. (The
minimum is difficult to identify from Figure 3, but
becomes evident from the moving average curves in
Figure 1.) This rebound is very similar in time and
magnitude to that one observed during the smog
episode of 1962 in the Ruhr District (5).
In the episode described here, temperature has also a
significant contribution to mortality, as can be seen
from regression analysis. The most convincing effect
of temperature is observed on January 7 and 8, two
extremely cold days (daily averages below -100C),
when mortality increases strongly both in the polluted
and the control area. There is no indication that
influenza may have played any role during the smog
episode. However, approximately 6 weeks later, an
epidemic of Influenza A occurred, resulting in a peak
mortality higher than during the cold presmog phase
and during the smog episode (1).
Ifone looks atthe causes ofdeath in the polluted area,
one finds a stronger increase for cardiovascular or
combined cardiopulmonary causes than for respira-
tory causes. Already in earlier smog episodes (9,10), it
became evident that respiratory diseases are only in
part responsible for the increase of mortality and that
cardiovascular and combined cardiopulmonary con-
ditions played an important role (9). The correlation of
air pollution with total mortality was higher than
with bronchitis (9) and highest for combined
respiratory and cardiovascular conditions in elderly
men (10). However, in the analysis of causes of death
rather than in the analysis of total mortality, the
problem of the limited validity of diagnoses on death
certificates (12) has to be kept in mind for earlier
studies aswell asforthe presentone.
In total, the smog episode of 1985 shows moderate
effects on mortality, which are less pronounced than in
earlier episodes. This had to be expected due to the
significant reduction of air pollution over the last
decades.
Morbidity has been analyzed in several earlier smog
situations (10,13,14). Hospital admissions in London
(10) showed a significant correlation for respiratory
or cardiovascular conditions with smoke and S02.
However, the effects were not so sudden as for mortality.
The degree of illness in patients with bronchitis
keeping personal diaries was closely related to daily
values of air pollution (14). The lowest concentrations
leading to a significant response in these patients were
about 0.5 mg/m3 of SO2 together with 0.25 mg/m3 of
smoke (24-hr averages). No evidence was found that
these pollutants would, by themselves, produce the
same response (14). Smaller peaks in the degree of
illness were identified, which coincided with falls in
temperature (10,14).
In the present study, an increase of hospital admis-
sions, outpatients, and ambulance transports of pa-
tients with respiratory and cardiovascular diseases is
observed if one compares the smog period with the
control period. The time course of these data is very
similar to the observations for mortality: Despite fluc-
tuations, the curves show a parallel increase at the
beginning of the smog period and a common decrease
thereafter in the polluted area. In the control area, no
similar pattern is found, as shown in Figure 3.
Since the admissions to the 186 cooperating hospitals
are well documented and the diagnoses are confirmed,
these data can be used for a more detailed analysis. One
finds, similar to mortality, that patients with cardio-
vascular diseases are more strongly affected than those
with respiratory diseases. Significant increases in
admissions are found for patients with cerebral circu-
lation failure, heart arrhythmia, coronary insuffi-
ciency, or chronic bronchitis, but only in the polluted
area. Adelay of2 days between increase ofthe pollutants
and the admissions is observed.
Patients delivered by ambulances to hospitals are a
subgroup of hospital admissions for which, on the
average, more acute or more severe symptoms have to
be assumed. This subgroup shows the strongest in-
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crease during the smog period, and here respiratory
diseases are more important. Furthermore, there is a
more direct relation of ambulance transports and
maxima of pollutants measured on the same day. It
has to be discussed whether the restrictions of motor
traffic might be responsible for a more frequent use of
ambulance transports. However, motor traffic was
limited or reduced only for 2.5 days and only in the
centers of some cities in the Ruhr District. Further-
more, the increase of all transports [of which the pa-
tients with respiratory or cardiovascular diseases are
only approximately 10-15% (1)] was much smaller.
Also, for outpatients, a steep increase during the
smog period is found with a similar pattern in time as
for ambulance transports. The analysis of subgroups is
not possible, due to the fact that only aggregated data
are available.
Increase is observed for consultations in doctors'
offices. A strong positive correlation is found with
temperature, but no correlation with air pollution. We
explain this by the fact that severely affected persons
would rather go to a hospital. Consultations in doctors'
offices allows for some flexibility with respect to the
time and may be postponed from days with snow,
slippery ice, or smog to days with more agreeable
weather.
In total, the collected database is broad and comprises
information from different sources. Except for consul-
tations in the doctors' offices a small but consistent
increase of mortality and morbidity during the smog
period has been shown. It is also consistent with the
data from children in the Netherlands (15), which
showed a significant reduction of their lung function
values during the smog episode (January 18, 1985)
compared with baseline measurements. Furthermore,
the results are supported by morphological and func-
tional analysis of cells from the respiratory system of
rats, which lived outdoors in the Ruhr District dur-
ing the smog period (16).
An epidemiologic study of the type presented here
can only show relations between variables and does not
allow for causal interpretation. At most, consistency can
be reached, and therefore it is important to discuss the
limitations of the data. The data are (except for mortal-
ity) not complete for the whole study area. Therefore, no
direct comparison of the crude morbidity data in the
polluted area and the control area is possible. However,
due to the method ofcollection, the data are complete for
the period of observation. This makes possible an un-
biased comparison of the smog period with the control
period. Furthermore, it allows a comparison of the
profiles of the time courses in the polluted and the con-
trol area.
The validity of the diagnoses in part is limited,
especially for diagnoses from death certificates and
records of the primary doctors. However, by aggrega-
tion of the data, this becomes of minor importance. In
the most aggregated form, namely, daily mortality
and daily consultations, validation problems obvi-
ously do not occur.
Meteorological influences have to be discussed. Tem-
perature and biotropy, wind velocity, and humidity
have been considered, but only an important influence
of temperature has been found. It cannot be excluded
that atthe end ofthe smogperiod, because ofthe change
of weather, further synergistic influences of meteor-
ology and pollutants occurred. On the other hand, the
general meteorologic situation was the same in the
polluted area and in the control area. Thus, the dif-
ferences in health effects in these areas are difficult to
understand by meteorological arguments alone.
Indoor measurements are missing, and it cannot be
ruled out that people left their homes during the smog
episode less frequently than usual. Higher exposure to
indoor pollutants (tobacco smoke, reduced ventilation,
more heating because of low temperatures) could have
played a role. Again, this argument is at least in part
also valid for the control area.
Psychogenic effects of the alarm situation could have
occurred. This argument might be supported by the
strong increase of hospital admissions of patients with
coronary insufficiency, cerebral circulation failure, or
heart arrhythmia, for which possible psychogenic
effects have to be discussed. On the other hand, asthma
bronchiale, which also has a strong psychogenic com-
ponent, shows no increase, but a decrease. Further-
more, treatment in hospitals and mortality have in-
creased, but not contacts to doctors' offices. The latter
might have been expected if minor symptoms due to
psychogenic influences of the smog alarm had played
an important role in the study. In total, it seems less
probable that the observed health effects can be ex-
plained independently from the increased air pollu-
tion during the smog episode.
NOTE ADDED IN PROOF: Meanwhile a more detailed
analysis of the data set has been performed (19). The
most important results are:
*If one considers not only the polluted and the
control area but also the area with an intermediate
degree of air pollution (area 3 in Fig. 2), one finds
during the smog episode an increase in total mortality
of 8 vs. 5 vs. 2% (polluted vs. intermediate vs. control
area) and in hospital admissions of 15 vs. 7 vs. 4%
(patients with respiratory or cardiovascular diseases).
*Within the big cities mortality increased during
smog in the more industrialized areas.
*Additional information from the data records of
hospital admissions (severity of the symptoms, age,
sex, anamnestic knowledge) has been analyzed: The
smog effect is most pronounced for patients with
minor or severe symptoms; in the polluted area the
admissions increase with increasing age; no sex
difference is observed; the strongest increase of
admissions during the smog episode was found for
patients with preexisting respiratory problems.
*A bioclimatic classification of the study area has
been performed. For both total mortality and hospital
admissions of patients with respiratory or
cardiovascular diseases, the increase in the smog
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period is mainly restricted to areas with stressing
bioclimate.
*The data show evidence for the hypothesis that the
smog effect was less pronounced in areas with high
mortality during the very cold period 10 days before
smog. Furthermore, mortality increased in a dose-
dependent way with decreasing temperature during
these cold presmog days, and during the smog episode
mortality increased in areas with sudden decreases in
temperature.
In total, the additional analysis (19) shows that the
pollution effects remain consistent if the intermediate
area and local subunits are considered. On the other
hand, the strong influence of meteorology on health
during inversion-independent of air pollution-has
to be emphasized.
We are obliged to the following institutions for allowing us to use
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